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Abstract: Equine group A rotavirus (RVAs) mainly cause disease in foals under the age of 3 months. 
Only sporadic data are available on the circulation of RVAs in equine populations in Europe. In this 
study, 65 diarrheic samples from foals under 4 months of age were collected in Belgium (n=32), 
Germany (n=17), Slovenia (n=5), Sweden (n=4), Hungary (n=3), Italy (n=2), France (n=1) and The 
Netherlands (n=1). Forty percent of these samples (n=26) were found to be RVA positive by a 
quantitative RT-PCR assay. The viral load in 11 of these samples was sufficiently high to be (partially) 
genotyped. G3, G14 and P[12] were the main genotypes detected, and phylogenetic analyses revealed 
that they were closely related to contemporary equine RVA strains detected in Europe as well as in 
Brazil and South Africa. Regional variation was observed with only G14 and P[12] being detected in 
Germany, whereas mainly G3P[12] was encountered in Belgium. Surprisingly the only G14P[12] RVA 
strain detected in Belgium was also found to possess the very rare P[18] genotype, which has been 
described only once from equine RVA strain L338 detected in the UK in 1991. Despite the identification 
of this uncommon P[18] genotype, G3P[12] and G14P[12] RVA strains remained the most important 
genotypes in Europe during the study period. Based on this finding and the knowledge that G3P[12] 
and G14P[12] serotypes are partially cross-reactive it can be assumed that a vaccine based on an 
inactivated virus of the G3P[12] genotype is still relevant in the current European epidemiological 
situation, although the addition of a G14 strain would most likely be beneficial. 
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Abstract 1 
Equine group A rotavirus (RVAs) mainly cause disease in foals under the age of 3 months. Only 2 
sporadic data are available on the circulation of RVAs in equine populations in Europe. In this 3 
study, 65 diarrheic samples from foals under 4 months of age were collected in Belgium (n=32), 4 
Germany (n=17), Slovenia (n=5), Sweden (n=4), Hungary (n=3), Italy (n=2), France (n=1) and The 5 
Netherlands (n=1). Forty percent of these samples (n=26) were found to be RVA positive by a 6 
quantitative RT-PCR assay. The viral load in 11 of these samples was sufficiently high to be 7 
(partially) genotyped. G3, G14 and P[12] were the main genotypes detected, and phylogenetic 8 
analyses revealed that they were closely related to contemporary equine RVA strains detected in 9 
Europe as well as in Brazil and South Africa. Regional variation was observed with only G14 and 10 
P[12] being detected in Germany, whereas mainly G3P[12] was encountered in Belgium. 11 
Surprisingly the only G14P[12] RVA strain detected in Belgium was also found to possess the very 12 
rare P[18] genotype, which has been described only once from equine RVA strain L338 detected in 13 
the UK in 1991. Despite the identification of this uncommon P[18] genotype, G3P[12] and 14 
G14P[12] RVA strains remained the most important genotypes in Europe during the study period. 15 
Based on this finding and the knowledge that G3P[12] and G14P[12] serotypes are partially cross-16 
reactive it can be assumed that a vaccine based on an inactivated virus of the G3P[12] genotype is 17 
still relevant in the current European epidemiological situation, although the addition of a G14 18 
strain would most likely be beneficial. 19 
 20 
Key words: Rotavirus, vaccine, VP7, VP4, G3, G14, P[12], P[18]  21 
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Introduction 1 
Group A rotaviruses (RVAs) have been detected in horse populations around the world (Papp et al., 2 
2013). Nowadays, classification of RVAs is performed almost exclusively by sequencing analyses 3 
of the gene segments encoding the VP7 and VP4 outer capsid proteins, and 27 G- and 37 P-4 
genotypes have been recognized, respectively (Matthijnssens et al., 2011; Trojnar et al., 2013). To 5 
date, only genotypes G3P[12] and G14P[12] are considered to be of epidemiological importance in 6 
horses (Papp et al., 2013). Equine G3 RVA strains have been further subdivided into subtypes G3A 7 
and G3B based on their reactivity with mAbs (Browning et al., 1992). Interestingly, the subtype 8 
G3B seems to be restricted to Japan, whereas G3A seems to be prevalent in the rest of the world 9 
(Bailey et al., 2013).   10 
Equine RVAs mainly cause disease in animals below the age of 3 months, resulting in damage to 11 
the small intestine leading to severe watery diarrhea, which may lead to death (Imagawa et al., 12 
1991; Sellon and Long, 2014). They cause significant economic losses because infected foals need 13 
to be quarantined from other foals and pregnant mares to avoid the further spread of the virus, 14 
which is a labor-intensive and costly event for horse-breeders (Ntafis et al., 2010; Papp et al., 2013). 15 
Besides good farm management, vaccination is currently the most widely used method to reduce the 16 
risk of disease caused by RVA in horse farms (Sellon and Long, 2014). Currently 3 inactivated 17 
vaccines are licensed globally and administered to pregnant mares. Vaccines based on the 18 
inactivated H-2 strain (G3AP[12]) are licensed in the US, New Zealand, Australia and several 19 
European countries (Zoetis Inc.). The vaccine licensed in Japan uses the HO-5 strain (G3BP[12]) 20 
(Nisseiken Co., Ltd). The third vaccine is licensed in Argentina and contains the equine RVA strain 21 
H-2, a simian G3P[2] RVA strain and the bovine G6P[1] RVA strain (Biogénesis Bagó). 22 
The aim of this study was to investigate which equine RVAs genotypes circulated in 2013 in 23 
Europe and, hence, the relevance of the vaccine licensed in the European Union which contains an 24 
inactivated equine RVA strain of the G3AP[12] genotype.   25 
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Materials and Methods 1 
Sample collection 2 
Local veterinarians in Belgium, France, Germany, Hungary, Italy, Slovenia, Sweden and The 3 
Netherlands were offered the opportunity to send diarrheic samples from sick foals under three 4 
months of age to a Belgian laboratory (Dierengezondheidszorg, Torhout) for RVA testing in 2013. 5 
Samples tested positive were subsequently sent to a second lab (Laboratory of Clinical and 6 
Epidemiological Virology, Rega Institute for Medical Research, KULeuven) for genotyping. 7 
RVA detection (qPCR) 8 
Viral RNA was extracted from the fecal samples using the QIAamp Viral RNA mini kit 9 
(Qiagen/Westburg, Leusden, The Netherlands) according to the manufacturer’s instructions. The 10 
extracted RNA was stored at -60°C or below prior and after analysis. To confirm presence or 11 
absence of RVA, the commercial kit TaqVet™Triplex Ruminant Rotavirus & Coronavirus 12 
(Laboratoire Service International, Lissieu, France) which is suitable to detect equine RVAs was 13 
used. Based on the manufacturer declaration, the test is able to detect all subtypes by detecting the 14 
conserved NSP5 gene on genome segment 11, encoding a non-structural protein of RVAs. It has a 15 
limit of detection of 7 RVA RNA copies and was shown to be more sensitive than an antigen 16 
ELISA in a comparative study (Ramos et al., 2009). 17 
RVA genotyping 18 
The extracted RNA was denatured at 95°C for 2 min. Reverse transcriptase PCR (RT-PCR) was 19 
carried out using the Qiagen OneStep RT-PCR Kit (Qiagen/Westburg) using VP7 primers Beg9 (5’-20 
GGCTTTAAAAGAGAGAATTTCCGTCTGG-3’) and End9 (5’-21 
GGTCACATCATACAATTCTAATCTAAG-3’), and the VP4 primers GEN_VP4_P12_10F (5’-22 
TGGCTTCTCTTATTTACAGACAG-3’) and GEN_VP4_P12_2360R (5’-23 
TCACATCCTTCAGAAGCTACTC-3’). For sample EQ44, also primers GEN_P[18]_44F (5’-24 
ATTCTTACGCAGTAGACTTGTCAG- 3’) and GEN_P[18]_2362R (5’-25 
GGTCACATCCTGCATAAGCTAC-3’) were used. The reaction was carried out with an initial 26 
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reverse transcription step at 50°C for 30 min, followed by PCR activation at 95°C for 15 min, 35 1 
cycles of amplification (30 s at 94°C, 30 s at 50°C for VP7 and 1 min at 50°C for VP4, 1 min at 2 
72°C), and a final extension of 10 min at 72°C in a Thermocycler Biometra T3000 (Biometra, 3 
Westburg BV, The Netherlands). PCR products (1062bp, 2351bp and 2319bp, respectively) were 4 
run on a polyacrylamide gel, stained with ethidium bromide and visualized under UV-light. The 5 
PCR amplicons were purified using ExoSAP-IT (Affymetrix USB, Santa Clara, USA), and 6 
sequenced using the dideoxynucleotide chain termination method with the ABI PRISM® BigDye 7 
Terminator Cycle Sequencing Reaction kit (Perkin-Elmer Applied Biosystems, Foster City, CA) on 8 
an automated sequencer (ABI PRISMTM 3130). The primers Beg9, VP4-P12-10F and 9 
GEN_P[18]_44F described above were used as sequencing primers. The chromatogram sequencing 10 
files were inspected using the computer application Chromas 2.3 (Technelysium, Helensvale, 11 
Australia), and samples were genotyped using BLAST. 12 
Phylogenetic analyses 13 
Sequences were aligned using Muscle and the modeltest in MEGA determined T92 + G (VP7) and 14 
T92 + I (VP4) as the appropriate substitution models. Phylogenetic analyses for VP7 and VP4 15 
sequences obtained in this study and references strains from GenBank were performed using the 16 
Maximum Likelihood algorithm with 1000 bootstrap replicates. 17 
Accession numbers 18 
Sequences obtained in this study were deposited in GenBank under the accession numbers: 19 
KM515863- KM515873 (VP4) and KM515874- KM515883 (VP7). 20 
21 
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Results 1 
Samples: Sixty-four (64) diarrheic samples were received from foals less than 3 months of age and 2 
1 sample was obtained from a foal that was 112 days old at the day of sampling. Thirty-two (32) 3 
samples were received from Belgium, 1 from France, 17 from Germany, 3 from Hungary, 2 from 4 
Italy, 5 from Slovenia, 4 from Sweden and 1 from The Netherlands (Table 1). From each location 5 
(stud farm or private owner) a maximum of 3 samples was collected, with the exception of 1 stud 6 
farm in Germany from which 5 samples were received. The breed, gender, date of birth of and 7 
clinical signs observed in the foals are reported in Supplementary Data 1, and Table 2. 8 
RVA positivity rate: From a total of 65 samples collected overall, 26 were found RVA positive 9 
(40.0%) by a diagnostic qRT-PCR targeting the RVA NSP5 gene, showing a wide range in the Ct 10 
values (26.18-38.88; Supplementary Data 1). The positivity rate for samples from Belgium and 11 
Germany (the two only countries with more than 5 RVA positive samples) was very similar with 12 
46.9% and 41.2%, respectively, whereas it ranged between 0 and 50% for the remaining countries 13 
with 2 RVA positive samples or less (France, Hungary, Italy, Slovenia, Sweden and The 14 
Netherlands ) (Table 1). 15 
RVA genotyping: The 26 qRT-PCR positive samples were subjected to VP7 and VP4 RT-PCR and 16 
sequence analyses in order to determine the G- and P-genotypes, respectively. The G and P-17 
genotype could be determined unambiguously for only 8 samples (3 from Belgium [EQ12, EQ20, 18 
and EQ62], 4 from Germany [EQ24, EQ25, EQ50 and EQ68] and 1 from Italy [EQ16]). 19 
Furthermore, for 1 sample from Germany, only the P-genotype could be determined [EQ26], for 1 20 
sample from Slovenia only the G-genotype could be determined [EQ46], and from 1 sample from 21 
Belgium [EQ44] a mixed P-genotype was found (Table 2 and supplementary data 1). In the 22 
sequence chromatogram of latter sample the first short part (≈ 230 bp, high sequence peaks 23 
intensity) belonged to genotype P[18], whereas the second longer part of the chromatogram (≈ 680 24 
bp, low sequence peaks identity) belonged to genotype P[12]. Since P[18] is a very rare equine P-25 
genotype, we developed P[18] specific primers, not cross reactive with the P[12] genotype, which 26 
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were used for RT-PCR and sequence analyses of sample EQ44. This analyses confirmed the 1 
presence of the P[18] sequence in this sample. As the only currently identified P[18] strain (L338) 2 
was found in combination with the unusual G13 genotype, we also performed a novel RT-PCR with 3 
G13 specific primers, but no RT-PCR product was detected (data not shown). 4 
Figure 1 shows the genotype distribution of all (n = 26) investigated samples (referred to as 5 
“Europe”), and the genotype distribution for Belgium and Germany in particular. The data for 6 
Europe suggest that both the G3P[12] and the G14P[12] genotypes are more or less equally present 7 
in the samples analyzed. However, both genotype combinations do not seem to be equally 8 
distributed geographically, as only the G14 genotype was identified in German samples, whereas 9 
mainly G3 was identified in Belgian samples. Furthermore, a single G3P[12] strain was detected in 10 
an Italian sample, and a G14P[x] strain in a Slovenian sample.  11 
RVA phylogenetic analyses: Figure 2 shows the phylogenetic analyses of the obtained VP7 and 12 
VP4 sequences together with representative strains from GenBank. The 6 G14 RVA strains isolated 13 
from Belgian, German and Slovenian samples are very closely related to each other (showing 14 
nucleotide identities ranging from 98.9-100%), and to contemporary equine G14 strains detected in 15 
Italy, Brazil, South Africa and Ireland. The Italian and the 3 Belgian G3 RVA strains fall into two 16 
clusters (nucleotide identities ranging from 96.1-100%), closely related to G3A RVA strains from 17 
Ireland, Argentina, Germany and Australia (Figure 2A). In the VP4 phylogenetic tree the same 18 
strains cluster together, as in the VP7 tree. The P[12] sequences of the G14 carrying strains are 19 
nearly identical (99.4-100%), and cluster with P[12] strains from South Africa and Ireland. These 20 
P[12] sequences are located in a different cluster as compared to the G3 carrying P[12] strains 21 
(nucleotide identities ranging from 94.8-95.9%). The former P[12] strains are closely related with 22 
equine P[12] RVA strains from Ireland and Greece, and show a genetic diversity as low as 98.6% 23 
(Figure 2B). The P[18] VP4 sequence obtained from sample EQ44 was shown to cluster with 24 
reference strain L338 and showed a 96.0% nucleotide similarity.  25 
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Discussion and Conclusions 1 
Vaccination of infants or pregnant mothers has been shown one of the most effective measurements to 2 
prevent RVA gastroenteritis in humans as well as in a variety of animal species (Dhama et al., 2009). 3 
For the prevention of gastroenteritis caused by RVA in horses, the approach of using inactivated RVA 4 
vaccines to administer to pregnant mares has been selected. A number of studies have been conducted 5 
assessing the vaccine efficacy of equine RVA vaccines. It was shown in several field studies that 6 
following vaccination of mares, antibodies can be detected in blood, colostrum and their foals without 7 
adverse effects (Barrandeguy et al., 1998; Imagawa et al., 2005; Powell et al., 1997). Follow-up of 8 
clinical parameters associated with RVA infections in these studies demonstrated variable vaccine 9 
efficacy, which suggests that vaccination provides reasonable but not complete protection. However, the 10 
interpretation of field data is in general difficult. As the overall amount of RVA is reduced in the stable 11 
or herd when horses are vaccinated, this reduced infection pressure benefits also unvaccinated horses in 12 
the study which makes the assessment of vaccine efficacy difficult. Although little is known about cross 13 
protection between G3 and G14 serotypes, a recent study in Japan suggests that a vaccine based on a 14 
G3BP[12] RVA strain also generated cross protective virus-neutralizing antibodies against G14P[12] 15 
RVA strains, albeit at a slightly lower level (Nemoto et al., 2012). This confirms previous studies, which 16 
demonstrated that G3 and G14 serotypes partly cross-react with each other (Imagawa et al., 2005; 17 
Imagawa et al., 2002). This cross-reaction in combination with the fact that G3 and G14 are also 18 
genetically related G types suggests that a vaccine based on one of these serotypes should offer a certain 19 
degree of (cross-)protection against both serotypes. A previous study demonstrated that diarrhea caused 20 
by a serotype G14 rotavirus infection was comparatively milder in the group of horses vaccinated with 21 
an inactivated G3 serotype RVA vaccine as compared to the non-vaccinated group (Imagawa et al., 22 
2005). This raises questions about the benefit of using a G3/G14 multivalent vaccine as suggested by 23 
some researchers (Bailey et al., 2013). Nonetheless, there are a few observational studies, which have 24 
suggested that vaccination may have caused a shift in the genotype distribution of circulating equine 25 
RVA strains in Ireland (Collins et al., 2008) and Argentina (Garaicoechea et al., 2011). Our 26 
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investigation was an additional attempt to increase the knowledge on the epidemiological situation of 1 
equine RVAs in Europe and predict the usefulness of currently available commercial vaccines. 2 
Our study indicated that RVA RNA could be detected in 40% of the 65 fecal samples from diarrheic 3 
foals all over Europe, which was similar to the prevalence seen in countries with more than 5 submitted 4 
positive samples such as Belgium (46.9%) and Germany (41.2%). The prevalence observed in this study 5 
is in line with published data. Bailey and colleagues (2013) reported that the frequency of detection of 6 
RVA in clinical cases varies from 20 to 77%. They appear to be endemic in most, if not all, horse 7 
populations (Browning et al., 1991b; Conner and Darlington, 1980; Higgins et al., 1990; Monini et al., 8 
2011; Netherwood et al., 1996; Ohta et al., 1990). 9 
The Ct values obtained by the diagnostic qRT-PCR indicated a wide range in the amount of viral 10 
particles found in stool samples (Table 2). The low amount of RVA particles in certain stool samples 11 
could be explained by the fact that those samples were taken after the peak of RVA shedding, that a 12 
fraction of the virus particles was degraded during sample transportation and storage, or that the RVA 13 
infection was only very mild, which raises the question as to whether RVA or another pathogen was the 14 
primary cause or only a contributing factor of the observed diarrhea. 15 
These differences in the viral load present in stool samples was also reflected in the number of samples 16 
that could be G and/or P-genotyped. All samples with a Ct value lower than 32.03 (n = 6) could be fully 17 
typed. None of the samples with a Ct value above 36.10 (n = 8) resulted in PCR products needed for 18 
sequencing. The genotyping results for samples with a Ct between 32.03 and 36.10 were variable 19 
ranging from fully typed (n = 3), over partially typed (n = 2) to untyped (n= 6). These results indicate 20 
that the diagnostic qRT-PCR has a higher sensitivity as compared to the VP4 and VP7 PCRs.  21 
Our genotyping results indicate that the G3P[12] and G14P[12] genotype combinations are the most 22 
prevalent, which confirms global data on equine RVAs (Papp et al., 2013). Our data also suggest that 23 
regional differences in the genotype distribution exist, as can be seen in the data from Belgium and 24 
Germany, where G3 and G14, respectively, were most prevalent, although this was based on rather 25 
small numbers. In this context, an interesting observation was the finding of the P[18] genotype in the 26 
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Belgian RVA strain EQ44, in a mixed infection with G14 and P[12]. L338 is thus far the only P[18] 1 
RVA strain detected worldwide, isolated from a foal with diarrhea in the UK in 1991 (Browning et al., 2 
1991a). Complete genome analyses of this strain revealed that the 11 gene segments were unique, each 3 
belonging to their own genotype (Matthijnssens et al., 2012). The single isolation of this particular RVA 4 
strain has always raised questions, whether or not L338 was a genuine equine RVA, or may have been 5 
the result of an interspecies transmission from a yet unidentified host species. The detection of a novel 6 
P[18] RVA strain in this study, 22 years after the detection of L338, lends support to the former 7 
hypothesis of a genuine equine RVA strain. This hypothesis is further supported by the fact that the 8 
obtained P[18] sequence showed 4.0% differences on the nucleotide level compared to L338, 9 
suggesting an accumulation of mutations has occurred over 2 decades. However, it cannot be excluded 10 
that this evolution has occurred in a different host species, and that this virus was transmitted to horses 11 
on two different occasions. L338 was detected in combination with G13, whereas we could not detect 12 
G13 in the sample. This might be explained by a) the P[18] from EQ44 was combined with G14, b) 13 
P[18] was combined with a genotype that was not detected by our VP7 primers or c) G13 has 14 
accumulated mutations in the G13 primer binding sites, and was therefore not detected. Intensified RVA 15 
surveillance programs in horses are needed to address these questions.  16 
Phylogenetically all G14P[12] RVA strains identified (Belgium, Slovenia and Germany) were very 17 
closely related to each other and to other contemporary equine RVA strains, probably reflecting the 18 
swift migration of viruses together with their hosts. The identified G3P[12] RVA strains (Belgium and 19 
Italy) fell into two distinct lineages inside the phylogenetic clusters containing RVA strains belonging to 20 
the G3A lineage, as could be expected for strains detected outside Japan (Bailey et al., 2013). 21 
In conclusion, although the uncommon P[18] genotype was found on one occasion in this study, 22 
G3P[12] and G14P[12] were demonstrated to be the most important genotypes in Europe. Based on this 23 
finding and the knowledge that G3P[12] and G14P[12] serotypes are partially cross-reactive it can be 24 
assumed that a vaccine based on an inactivated G3P[12] virus is still relevant in the current European 25 
epidemiological situation, although the addition of a G14 strain would most likely be beneficial.  26 
11 
 
Competing interests/Funding Source 1 
The study design, sample collection, analyses and interpretation of data, writing of the manuscript, 2 
and the decision were to submit the publication, were done by the authors of the study. This study 3 
was sponsored by Zoetis Belgium S.A. Rudiger Raue and Ellen Ons are employees of Zoetis. 4 
 5 
Acknowledgments 6 
The authors would like to thank all veterinarians who participated in this study and Equi Focus 7 
Point Belgium for the communication of this study to the Belgian veterinarians. 8 
 9 
Figure legends 10 
Figure 1: G- and P-genotype distribution of equine RVA strains. G- and P-genotype distribution 11 
of equine RVA strains over all the study sites (referred to as “Europe”), and the two sites, Belgium 12 
and Germany, with more than 5 samples tested. 13 
 14 
Figure 2: Phylogenetic analyses. Phylogenetic analyses of the VP7 (Figure 2A) and VP4 (Figure 15 
2B) gene segments obtained in this study, together with relevant strains available in GenBank. 16 
Strains from this study are indicated with a circle. Blue, magenta, orange and green colors represent 17 
samples from Belgium, Germany, Italy and Slovenia, respectively.  18 
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Abstract 1 
Equine group A rotavirus (RVAs) mainly cause disease in foals under the age of 3 months. Only 2 
sporadic data are available on the circulation of RVAs in equine populations in Europe. In this 3 
study, 65 diarrheic samples from foals under 4 months of age were collected in Belgium (n=32), 4 
Germany (n=17), Slovenia (n=5), Sweden (n=4), Hungary (n=3), Italy (n=2), France (n=1) and The 5 
Netherlands (n=1). Forty percent of these samples (n=26) were found to be RVA positive by a 6 
quantitative RT-PCR assay. The viral load in 11 of these samples was sufficiently high to be 7 
(partially) genotyped. G3, G14 and P[12] were the main genotypes detected, and phylogenetic 8 
analyses revealed that they were closely related to contemporary equine RVA strains detected in 9 
Europe as well as in Brazil and South Africa. Regional variation was observed with only G14 and 10 
P[12] being detected in Germany, whereas mainly G3P[12] was encountered in Belgium. 11 
Surprisingly the only G14P[12] RVA strain detected in Belgium was also found to possess the very 12 
rare P[18] genotype, which has been described only once from equine RVA strain L338 detected in 13 
the UK in 1991. Despite the identification of this uncommon P[18] genotype, G3P[12] and 14 
G14P[12] RVA strains remained the most important genotypes in Europe during the study period. 15 
Based on this finding and the knowledge that G3P[12] and G14P[12] serotypes are partially cross-16 
reactive it can be assumed that a vaccine based on an inactivated virus of the G3P[12] genotype is 17 
still relevant in the current European epidemiological situation, although the addition of a G14 18 
strain would most likely be beneficial. 19 
 20 
Key words: Rotavirus, vaccine, VP7, VP4, G3, G14, P[12], P[18]  21 
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Introduction 1 
Group A rotaviruses (RVAs) have been detected in horse populations around the world (Papp et al., 2 
2013). Nowadays, classification of RVAs is performed almost exclusively by sequencing analyses 3 
of the gene segments encoding the VP7 and VP4 outer capsid proteins, and 27 G- and 37 P-4 
genotypes have been recognized, respectively (Matthijnssens et al., 2011; Trojnar et al., 2013). To 5 
date, only genotypes G3P[12] and G14P[12] are considered to be of epidemiological importance in 6 
horses (Papp et al., 2013). Equine G3 RVA strains have been further subdivided into subtypes G3A 7 
and G3B based on their reactivity with mAbs (Browning et al., 1992). Interestingly, the subtype 8 
G3B seems to be restricted to Japan, whereas G3A seems to be prevalent in the rest of the world 9 
(Bailey et al., 2013).   10 
Equine RVAs mainly cause disease in animals below the age of 3 months, resulting in damage to 11 
the small intestine leading to severe watery diarrhea, which may lead to death (Imagawa et al., 12 
1991; Sellon and Long, 2014). They cause significant economic losses because infected foals need 13 
to be quarantined from other foals and pregnant mares to avoid the further spread of the virus, 14 
which is a labor-intensive and costly event for horse-breeders (Ntafis et al., 2010; Papp et al., 2013). 15 
Besides good farm management, vaccination is currently the most widely used method to reduce the 16 
risk of disease caused by RVA in horse farms (Sellon and Long, 2014). Currently 3 inactivated 17 
vaccines are licensed globally and administered to pregnant mares. Vaccines based on the 18 
inactivated H-2 strain (G3AP[12]) are licensed in the US, New Zealand, Australia and several 19 
European countries (Zoetis Inc.). The vaccine licensed in Japan uses the HO-5 strain (G3BP[12]) 20 
(Nisseiken Co., Ltd). The third vaccine is licensed in Argentina and contains the equine RVA strain 21 
H-2, a simian G3P[2] RVA strain and the bovine G6P[1] RVA strain (Biogénesis Bagó). 22 
The aim of this study was to investigate which equine RVAs genotypes circulated in 2013 in 23 
Europe and, hence, the relevance of the vaccine licensed in the European Union which contains an 24 
inactivated equine RVA strain of the G3AP[12] genotype.   25 
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Materials and Methods 1 
Sample collection 2 
Local veterinarians in Belgium, France, Germany, Hungary, Italy, Slovenia, Sweden and The 3 
Netherlands were offered the opportunity to send diarrheic samples from sick foals under three 4 
months of age to a Belgian laboratory (Dierengezondheidszorg, Torhout) for RVA testing in 2013. 5 
Samples tested positive were subsequently sent to a second lab (Laboratory of Clinical and 6 
Epidemiological Virology, Rega Institute for Medical Research, KULeuven) for genotyping. 7 
RVA detection (qPCR) 8 
Viral RNA was extracted from the fecal samples using the QIAamp Viral RNA mini kit 9 
(Qiagen/Westburg, Leusden, The Netherlands) according to the manufacturer’s instructions. The 10 
extracted RNA was stored at -60°C or below prior and after analysis. To confirm presence or 11 
absence of RVA, the commercial kit TaqVet™Triplex Ruminant Rotavirus & Coronavirus 12 
(Laboratoire Service International, Lissieu, France) which is suitable to detect equine RVAs was 13 
used. Based on the manufacturer declaration, the test is able to detect all subtypes by detecting the 14 
conserved NSP5 gene on genome segment 11, encoding a non-structural protein of RVAs. It has a 15 
limit of detection of 7 RVA RNA copies and was shown to be more sensitive than an antigen 16 
ELISA in a comparative study (Ramos et al., 2009). 17 
RVA genotyping 18 
The extracted RNA was denatured at 95°C for 2 min. Reverse transcriptase PCR (RT-PCR) was 19 
carried out using the Qiagen OneStep RT-PCR Kit (Qiagen/Westburg) using VP7 primers Beg9 (5’-20 
GGCTTTAAAAGAGAGAATTTCCGTCTGG-3’) and End9 (5’-21 
GGTCACATCATACAATTCTAATCTAAG-3’), and the VP4 primers GEN_VP4_P12_10F (5’-22 
TGGCTTCTCTTATTTACAGACAG-3’) and GEN_VP4_P12_2360R (5’-23 
TCACATCCTTCAGAAGCTACTC-3’). For sample EQ44, also primers GEN_P[18]_44F (5’-24 
ATTCTTACGCAGTAGACTTGTCAG- 3’) and GEN_P[18]_2362R (5’-25 
GGTCACATCCTGCATAAGCTAC-3’) were used. The reaction was carried out with an initial 26 
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reverse transcription step at 50°C for 30 min, followed by PCR activation at 95°C for 15 min, 35 1 
cycles of amplification (30 s at 94°C, 30 s at 50°C for VP7 and 1 min at 50°C for VP4, 1 min at 2 
72°C), and a final extension of 10 min at 72°C in a Thermocycler Biometra T3000 (Biometra, 3 
Westburg BV, The Netherlands). PCR products (1062bp, 2351bp and 2319bp, respectively) were 4 
run on a polyacrylamide gel, stained with ethidium bromide and visualized under UV-light. The 5 
PCR amplicons were purified using ExoSAP-IT (Affymetrix USB, Santa Clara, USA), and 6 
sequenced using the dideoxynucleotide chain termination method with the ABI PRISM® BigDye 7 
Terminator Cycle Sequencing Reaction kit (Perkin-Elmer Applied Biosystems, Foster City, CA) on 8 
an automated sequencer (ABI PRISMTM 3130). The primers Beg9, VP4-P12-10F and 9 
GEN_P[18]_44F described above were used as sequencing primers. The chromatogram sequencing 10 
files were inspected using the computer application Chromas 2.3 (Technelysium, Helensvale, 11 
Australia), and samples were genotyped using BLAST. 12 
Phylogenetic analyses 13 
Sequences were aligned using Muscle and the modeltest in MEGA determined T92 + G (VP7) and 14 
T92 + I (VP4) as the appropriate substitution models. Phylogenetic analyses for VP7 and VP4 15 
sequences obtained in this study and references strains from GenBank were performed using the 16 
Maximum Likelihood algorithm with 1000 bootstrap replicates. 17 
Accession numbers 18 
Sequences obtained in this study were deposited in GenBank under the accession numbers: 19 
KM515863- KM515873 (VP4) and KM515874- KM515883 (VP7). 20 
21 
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Results 1 
Samples: Sixty-four (64) diarrheic samples were received from foals less than 3 months of age and 2 
1 sample was obtained from a foal that was 112 days old at the day of sampling. Thirty-two (32) 3 
samples were received from Belgium, 1 from France, 17 from Germany, 3 from Hungary, 2 from 4 
Italy, 5 from Slovenia, 4 from Sweden and 1 from The Netherlands (Table 1). From each location 5 
(stud farm or private owner) a maximum of 3 samples was collected, with the exception of 1 stud 6 
farm in Germany from which 5 samples were received. The breed, gender, date of birth of and 7 
clinical signs observed in the foals are reported in Supplementary Data 1, and Table 2. 8 
RVA positivity rate: From a total of 65 samples collected overall, 26 were found RVA positive 9 
(40.0%) by a diagnostic qRT-PCR targeting the RVA NSP5 gene, showing a wide range in the Ct 10 
values (26.18-38.88; Supplementary Data 1). The positivity rate for samples from Belgium and 11 
Germany (the two only countries with more than 5 RVA positive samples) was very similar with 12 
46.9% and 41.2%, respectively, whereas it ranged between 0 and 50% for the remaining countries 13 
with 2 RVA positive samples or less (France, Hungary, Italy, Slovenia, Sweden and The 14 
Netherlands ) (Table 1). 15 
RVA genotyping: The 26 qRT-PCR positive samples were subjected to VP7 and VP4 RT-PCR and 16 
sequence analyses in order to determine the G- and P-genotypes, respectively. The G and P-17 
genotype could be determined unambiguously for only 8 samples (3 from Belgium [EQ12, EQ20, 18 
and EQ62], 4 from Germany [EQ24, EQ25, EQ50 and EQ68] and 1 from Italy [EQ16]). 19 
Furthermore, for 1 sample from Germany, only the P-genotype could be determined [EQ26], for 1 20 
sample from Slovenia only the G-genotype could be determined [EQ46], and from 1 sample from 21 
Belgium [EQ44] a mixed P-genotype was found (Table 2 and supplementary data 1). In the 22 
sequence chromatogram of latter sample the first short part (≈ 230 bp, high sequence peaks 23 
intensity) belonged to genotype P[18], whereas the second longer part of the chromatogram (≈ 680 24 
bp, low sequence peaks identity) belonged to genotype P[12]. Since P[18] is a very rare equine P-25 
genotype, we developed P[18] specific primers, not cross reactive with the P[12] genotype, which 26 
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were used for RT-PCR and sequence analyses of sample EQ44. This analyses confirmed the 1 
presence of the P[18] sequence in this sample. As the only currently identified P[18] strain (L338) 2 
was found in combination with the unusual G13 genotype, we also performed a novel RT-PCR with 3 
G13 specific primers, but no RT-PCR product was detected (data not shown). 4 
Figure 1 shows the genotype distribution of all (n = 26) investigated samples (referred to as 5 
“Europe”), and the genotype distribution for Belgium and Germany in particular. The data for 6 
Europe suggest that both the G3P[12] and the G14P[12] genotypes are more or less equally present 7 
in the samples analyzed. However, both genotype combinations do not seem to be equally 8 
distributed geographically, as only the G14 genotype was identified in German samples, whereas 9 
mainly G3 was identified in Belgian samples. Furthermore, a single G3P[12] strain was detected in 10 
an Italian sample, and a G14P[x] strain in a Slovenian sample.  11 
RVA phylogenetic analyses: Figure 2 shows the phylogenetic analyses of the obtained VP7 and 12 
VP4 sequences together with representative strains from GenBank. The 6 G14 RVA strains isolated 13 
from Belgian, German and Slovenian samples are very closely related to each other (showing 14 
nucleotide identities ranging from 98.9-100%), and to contemporary equine G14 strains detected in 15 
Italy, Brazil, South Africa and Ireland. The Italian and the 3 Belgian G3 RVA strains fall into two 16 
clusters (nucleotide identities ranging from 96.1-100%), closely related to G3A RVA strains from 17 
Ireland, Argentina, Germany and Australia (Figure 2A). In the VP4 phylogenetic tree the same 18 
strains cluster together, as in the VP7 tree. The P[12] sequences of the G14 carrying strains are 19 
nearly identical (99.4-100%), and cluster with P[12] strains from South Africa and Ireland. These 20 
P[12] sequences are located in a different cluster as compared to the G3 carrying P[12] strains 21 
(nucleotide identities ranging from 94.8-95.9%). The former P[12] strains are closely related with 22 
equine P[12] RVA strains from Ireland and Greece, and show a genetic diversity as low as 98.6% 23 
(Figure 2B). The P[18] VP4 sequence obtained from sample EQ44 was shown to cluster with 24 
reference strain L338 and showed a 96.0% nucleotide similarity.  25 
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Discussion and Conclusions 1 
Vaccination of infants or pregnant mothers has been shown one of the most effective measurements to 2 
prevent RVA gastroenteritis in humans as well as in a variety of animal species (Dhama et al., 2009). 3 
For the prevention of gastroenteritis caused by RVA in horses, the approach of using inactivated RVA 4 
vaccines to administer to pregnant mares has been selected. A number of studies have been conducted 5 
assessing the vaccine efficacy of equine RVA vaccines. It was shown in several field studies that 6 
following vaccination of mares, antibodies can be detected in blood, colostrum and their foals without 7 
adverse effects (Barrandeguy et al., 1998; Imagawa et al., 2005; Powell et al., 1997). Follow-up of 8 
clinical parameters associated with RVA infections in these studies demonstrated variable vaccine 9 
efficacy, which suggests that vaccination provides reasonable but not complete protection. However, the 10 
interpretation of field data is in general difficult. As the overall amount of RVA is reduced in the stable 11 
or herd when horses are vaccinated, this reduced infection pressure benefits also unvaccinated horses in 12 
the study which makes the assessment of vaccine efficacy difficult. Although little is known about cross 13 
protection between G3 and G14 serotypes, a recent study in Japan suggests that a vaccine based on a 14 
G3BP[12] RVA strain also generated cross protective virus-neutralizing antibodies against G14P[12] 15 
RVA strains, albeit at a slightly lower level (Nemoto et al., 2012). This confirms previous studies, which 16 
demonstrated that G3 and G14 serotypes partly cross-react with each other (Imagawa et al., 2005; 17 
Imagawa et al., 2002). This cross-reaction in combination with the fact that G3 and G14 are also 18 
genetically related G types suggests that a vaccine based on one of these serotypes should offer a certain 19 
degree of (cross-)protection against both serotypes. A previous study demonstrated that diarrhea caused 20 
by a serotype G14 rotavirus infection was comparatively milder in the group of horses vaccinated with 21 
an inactivated G3 serotype RVA vaccine as compared to the non-vaccinated group (Imagawa et al., 22 
2005). This raises questions about the benefit of using a G3/G14 multivalent vaccine as suggested by 23 
some researchers (Bailey et al., 2013). Nonetheless, there are a few observational studies, which have 24 
suggested that vaccination may have caused a shift in the genotype distribution of circulating equine 25 
RVA strains in Ireland (Collins et al., 2008) and Argentina (Garaicoechea et al., 2011). Our 26 
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investigation was an additional attempt to increase the knowledge on the epidemiological situation of 1 
equine RVAs in Europe and predict the usefulness of currently available commercial vaccines. 2 
Our study indicated that RVA RNA could be detected in 40% of the 65 fecal samples from diarrheic 3 
foals all over Europe, which was similar to the prevalence seen in countries with more than 5 submitted 4 
positive samples such as Belgium (46.9%) and Germany (41.2%). The prevalence observed in this study 5 
is in line with published data. Bailey and colleagues (2013) reported that the frequency of detection of 6 
RVA in clinical cases varies from 20 to 77%. They appear to be endemic in most, if not all, horse 7 
populations (Browning et al., 1991b; Conner and Darlington, 1980; Higgins et al., 1990; Monini et al., 8 
2011; Netherwood et al., 1996; Ohta et al., 1990). 9 
The Ct values obtained by the diagnostic qRT-PCR indicated a wide range in the amount of viral 10 
particles found in stool samples (Table 2). The low amount of RVA particles in certain stool samples 11 
could be explained by the fact that those samples were taken after the peak of RVA shedding, that a 12 
fraction of the virus particles was degraded during sample transportation and storage, or that the RVA 13 
infection was only very mild, which raises the question as to whether RVA or another pathogen was the 14 
primary cause or only a contributing factor of the observed diarrhea. 15 
These differences in the viral load present in stool samples was also reflected in the number of samples 16 
that could be G and/or P-genotyped. All samples with a Ct value lower than 32.03 (n = 6) could be fully 17 
typed. None of the samples with a Ct value above 36.10 (n = 8) resulted in PCR products needed for 18 
sequencing. The genotyping results for samples with a Ct between 32.03 and 36.10 were variable 19 
ranging from fully typed (n = 3), over partially typed (n = 2) to untyped (n= 6). These results indicate 20 
that the diagnostic qRT-PCR has a higher sensitivity as compared to the VP4 and VP7 PCRs.  21 
Our genotyping results indicate that the G3P[12] and G14P[12] genotype combinations are the most 22 
prevalent, which confirms global data on equine RVAs (Papp et al., 2013). Our data also suggest that 23 
regional differences in the genotype distribution exist, as can be seen in the data from Belgium and 24 
Germany, where G3 and G14, respectively, were most prevalent, although this was based on rather 25 
small numbers. In this context, an interesting observation was the finding of the P[18] genotype in the 26 
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Belgian RVA strain EQ44, in a mixed infection with G14 and P[12]. L338 is thus far the only P[18] 1 
RVA strain detected worldwide, isolated from a foal with diarrhea in the UK in 1991 (Browning et al., 2 
1991a). Complete genome analyses of this strain revealed that the 11 gene segments were unique, each 3 
belonging to their own genotype (Matthijnssens et al., 2012). The single isolation of this particular RVA 4 
strain has always raised questions, whether or not L338 was a genuine equine RVA, or may have been 5 
the result of an interspecies transmission from a yet unidentified host species. The detection of a novel 6 
P[18] RVA strain in this study, 22 years after the detection of L338, lends support to the former 7 
hypothesis of a genuine equine RVA strain. This hypothesis is further supported by the fact that the 8 
obtained P[18] sequence showed 4.0% differences on the nucleotide level compared to L338, 9 
suggesting an accumulation of mutations has occurred over 2 decades. However, it cannot be excluded 10 
that this evolution has occurred in a different host species, and that this virus was transmitted to horses 11 
on two different occasions. L338 was detected in combination with G13, whereas we could not detect 12 
G13 in the sample. This might be explained by a) the P[18] from EQ44 was combined with G14, b) 13 
P[18] was combined with a genotype that was not detected by our VP7 primers or c) G13 has 14 
accumulated mutations in the G13 primer binding sites, and was therefore not detected. Intensified RVA 15 
surveillance programs in horses are needed to address these questions.  16 
Phylogenetically all G14P[12] RVA strains identified (Belgium, Slovenia and Germany) were very 17 
closely related to each other and to other contemporary equine RVA strains, probably reflecting the 18 
swift migration of viruses together with their hosts. The identified G3P[12] RVA strains (Belgium and 19 
Italy) fell into two distinct lineages inside the phylogenetic clusters containing RVA strains belonging to 20 
the G3A lineage, as could be expected for strains detected outside Japan (Bailey et al., 2013). 21 
In conclusion, although the uncommon P[18] genotype was found on one occasion in this study, 22 
G3P[12] and G14P[12] were demonstrated to be the most important genotypes in Europe. Based on this 23 
finding and the knowledge that G3P[12] and G14P[12] serotypes are partially cross-reactive it can be 24 
assumed that a vaccine based on an inactivated G3P[12] virus is still relevant in the current European 25 
epidemiological situation, although the addition of a G14 strain would most likely be beneficial.  26 
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Figure legends 10 
Figure 1: G- and P-genotype distribution of equine RVA strains. G- and P-genotype distribution 11 
of equine RVA strains over all the study sites (referred to as “Europe”), and the two sites, Belgium 12 
and Germany, with more than 5 samples tested. 13 
 14 
Figure 2: Phylogenetic analyses. Phylogenetic analyses of the VP7 (Figure 2A) and VP4 (Figure 15 
2B) gene segments obtained in this study, together with relevant strains available in GenBank. 16 
Strains from this study are indicated with a circle. Blue, magenta, orange and green colors represent 17 
samples from Belgium, Germany, Italy and Slovenia, respectively.  18 
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Tables 
Table 1: Number of equine stool samples collected in different European countries, positivity 
rate by qRT-PCR targeting the NSP5 gene, and number of samples that were genotyped. 
Number % Number %
Belgium 32 15 46,9 17 53,1 4 4
Germany 17 7 41,2 10 58,8 4 5
France 1 0 0,0 1 100,0 0 0
Hungary 3 0 0,0 3 100,0 0 0
Italy 2 1 50,0 1 50,0 1 1
The Netherlands 1 0 0,0 1 100,0 0 0
Sweden 4 2 50,0 2 50,0 0 0
Slovenia 5 1 20,0 4 80,0 1 0
Total 65 26 40,0 39 60,0 10 10
Country
RT-PCR/Sequence 
Positive
qRT-PCR
POS NEG
VP7 VP4
Total 
Number
 
 
Table 2: Clinical information of the 11 foals from which the (partially) genotyped RVA 
strains were detected. 
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25-Feb-13 4-Mar-13 BE M NO NO YES NO YES NO NO 33,62 G3 P[12] RVA/Horse-wt/BEL/EQ12/2013/G3P[12]
18-Feb-13 9-Mar-13 IT M NO NO YES YES YES NO YES 27,73 G3 P[12] RVA/Horse-wt/ITA/EQ16/2013/G3P[12]
24-Mar-13 2-Apr-13 BE F NO NO YES YES YES NO YES 32,01 G3 P[12] RVA/Horse-wt/BEL/EQ20/2013/G3P[12]
27-Mar-13 8-Apr-13 DE F NO NO YES NO YES YES YES 26,18 G14 P[12] RVA/Horse-wt/GER/EQ24/2013/G14P[12]
21-Mar-13 8-Apr-13 DE M NO NO YES NO YES NO YES 27,55 G14 P[12] RVA/Horse-wt/GER/EQ25/2013/G14P[12]
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